Orange-fleshed sweet potatoes {OFSP} (Ipomoea batatas (L.) Lam) contain high levels of beta carotene, an important provitamin A carotenoid. Stored sweet potato roots undergo many physiological changes that affect their beta carotene content and bioaccessibility as well as the tissue microstructure. This study investigated the changes in microstructure, beta carotene content and in vitro bioaccessibility of stored OFSP roots. Roots of two varieties of OFSP, Ejumula and SPK004/6/6 were each stored under the following conditions: in a pit ( Samples were drawn monthly from each of the storage treatments and analyzed for changes in beta carotene content, in vitro bioaccessibility and tissue microstructure. Stored roots of Ejumula variety contained significantly more (P ≤ 0.05) beta carotene than those of the SPK004/6/6 variety. There was no significant difference (P ≥ 0.05) between varieties in regards to beta carotene bioaccessibility. Roots stored in pits retained higher beta carotene content compared to roots stored under other conditions. In vitro bioaccessibility was significantly higher (P ≤ 0.05) in roots stored in pits compared to roots stored under saw dust, dark room and ambient conditions. Samples of OFSP roots stored under ambient and dark room conditions retained the least amount of beta carotene and had the least amount of bioaccessible beta carotene. There was an increase in the level of cell wall lignification during storage of OFSP. The extent of lignification varied with storage method used. The roots stored under ambient and dark room conditions showed higher levels of lignification compared to those stored under sawdust and in pits. There were no differences in lignification between the different varieties studied. The study shows that storage of OFSP roots using methods that maintain low temperatures leads to higher retention of beta carotene and maintains higher in vitro bioaccessibility.
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INTRODUCTION
Sweet potato is one of the most important staple crops in developing countries [1] . Orange-fleshed sweet potatoes (OFSP) contain high levels of beta carotene, an important provitamin A carotenoid [2] [3] [4] [5] . Orange-fleshed sweet potatoes can, therefore, help alleviate vitamin A deficiency [6] . However, carotenoids may be lost during potato root storage [7] . Traditional storage methods such as storage in bags, pits and open ground have not been evaluated to determine their impact on the retention of beta carotene content as well as its bioaccessibility. Bioaccessibility gives an estimate of the amount of beta carotene that would be potentially absorbed by the body after digestion [8] . Bioaccessibility of provitamin A carotenoids is known to be influenced by the tissue microstructure, among other factors [9] .
During storage, there are many changes that take place in the tissue microstructure of the sweet potato roots. The physiological and compositional changes that take place include loss of moisture/water and modification of texture [10, 11] . During storage of sweet potato roots, starch is degraded into sugars by the action of endogenous amylase, thereby affecting the microstructure of the sweet potato root tubers [12] . The extent of these amylase moderated microstructural changes depend on temperature and water content [13, 14] . These factors vary with storage time. High temperatures, in particular, are known to increase respiration leading to lignification of the sweet potato cell walls during storage [15] . The purpose of this study was to establish the effect of storing OFSP roots under different conditions on their carotenoid content, microstructure and in vitro bioaccessibility.
MATERIALS AND METHODS

Sweet potato varieties
Two varieties (Ejumula and SPK004/6/6) of OFSP (Ipomoea batatas (L) Lam) were randomly harvested from a farm at Bombo, Luwero District of Uganda. The roots were harvested at 4.5 months.
Storage of OFSP
After harvest, sweet potatoes of 200-250g were sorted to remove physically, and pest or disease damaged roots. The sorted roots were cured naturally in the sun for four days by spreading them on the ground (26-29 o C, RH 80-95%). The sweet potatoes from each variety were divided into four portions. For each storage condition and variety, the roots were divided into three portions, each containing 24 roots. Pit stores were constructed by digging circular pits of 0.5m diameter and 0.5m depth. Pits were lined with dry spear grass (Imperata cylindrica) before sweet potato roots were placed there [7] . The sweet potatoes were then covered with dry spear grass before covering them with soil. The grass acted as an insulating material and ensured cool conditions in the pits (17 o C, RH 95-100%). The pits were then covered with grass-thatched roofing structures to prevent rain water from entering the storage pits.
The OFSP roots for dark room and ambient storage conditions were placed in woven polypropylene sacks, which allowed air circulation. One set of the polypropylene sacks was stored in a room at ambient conditions (24-28 o C, RH 78-100%) while another was stored in a well ventilated dark room (24.5-27 o C, RH 77-100%). Another portion of the OFSP roots was stored under sawdust. Sawdust was obtained from carpentries and then dried in the sun to a moisture content of about 10%. The dry saw dust was placed in well ventilated boxes (19-23 o C, RH 92%) containing the sweet potatoes and these were stored in a well ventilated room.
Sample preparation for analyses
For each of the storage methods, four roots were randomly selected. The roots were cut longitudinally and two opposite quarters of each removed. The sampled quarters were cut into thin slices (1-2 mm) and freeze-dried using a Virtis Genesis (American Lyophilizer, Inc., USA) freeze drier. The freeze-dried samples were packaged under nitrogen in polythene bags (125 micron) before storage at -50 o C. Before analysis, the freeze-dried OFSP samples were milled in a coffee grinder (Wagtech, UK) and made to pass through a 0.2 mm mesh. From each of the four roots sampled for the four storage methods, three samples were randomly picked for microscopic analysis.
Chemicals and standards
All chemicals, unless stated otherwise, were obtained from BDH (London, UK). The alltrans-beta carotene standard was obtained from CaroteNature GmbH (Lupisingen, Switzerland). Enzymes porcine pancreatin and pepsin as well as porcine bile extract were procured from Sigma Chemicals (St. Louis, MO). The water used for analytical work was double-distilled.
Moisture content
Moisture content was determined by drying 10g of sample in a forced air oven (Gallenkamp 300 Series, UK) at 105 o C to constant weight for about 20 hours.
Extraction of carotenoids
The OFSP dried samples (~0.2g) were weighed in triplicate into test tubes and reconstituted with 1 ml of deionised water for 20 min followed by addition of 2 ml of acetone containing 0.1% (w/v) butylated hydroxy toluene (BHT). Tubes were mixed by vortex for 3 min and sonicated for 15 min and then centrifuged in a MicroR centrifuge (Fisher Scientific, UK) for 3 min at 4750xg. The resulting supernatant was saved in a new test tube. The residue was extracted with 2 ml of acetone and centrifuged again. This was repeated up to 4 times until the residue was colorless. To the resulting acetone extract, 3 ml petroleum ether (40-60 o C) was added together with 5 ml deionised water to aid in the separation of the phases. The organic and water phases were separated by centrifugation at 4750xg for 4 min and the organic phase was pipetted into a new test tube. This step was repeated once. The pooled organic phases were collected in a roundbottomed flask and evaporated to dryness under nitrogen in a vacuum evaporator at 35 o C. The residue was then dissolved in 10 ml mobile phase methanol: methyl-tert-butylether (1:1, v/v) in a flask and filtered through a 0.45
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Light microscopy ½ h per concentration. Samples were later cleared in two changes of xylene for 1 h and 1 ½ hours. Lastly, samples were impregnated using two changes of molten paraffin wax at 50 o C for 2 h per change. After processing, the samples were embedded in paraffin wax, blocked and sectioned using a Leica RM 2235 rotary microtome (Leica Microsystems, Germany). Sections of 5-7 µm were cut and floated on a Leica H1120 water bath (Leica Microsystems, Germany). The wrinkle-free sections were picked on grease-free slides and then dried in the oven at 53 o C. The cut sections were de-waxed using two changes of xylene for 1-2 min per change. They were then dehydrated using alcohol, starting with two changes of alcohol of 95% and 80% for 3-5 min per change. The breakdown of cell-wall material was studied using Periodic Acid Schiffs (PAS)-reaction for visualization of totally insoluble carbohydrate. The SPK004/6/6 sections were stained with PAS for 15 min and then dehydrated using ethanol in an ascending order of concentration, starting with 95% and then two changes of absolute ethanol for 3-5 min per change. The sections were cleared in two changes of xylene for 1-2 min and then mounted using depex. After mounting, the slides were allowed to air dry and thereafter examined using a light microscope in objective 40 (Carl Zeiss, Germany).
Statistical analysis
The data obtained for moisture content, beta carotene content and bioaccessibility were analyzed using Stata statistical software (Stata Corporation, Texas, and USA). Comparison between sample treatments was done using analysis of variance (ANOVA) and means were separated using Bonferroni method. P-values ≤ 0.05 were considered significant.
RESULTS
Moisture content
The results showed that there was a big drop in moisture content in the first month of storage (Figure 1) . The biggest drop of 3.9% in moisture content was observed in roots stored under ambient conditions while the least was 1.5% recorded in roots stored in pits in the first month of storage. There was no significant difference (P ≥ 0.05) between moisture content of roots stored under ambient conditions and those stored in a dark room. The OFSP roots stored in the pit maintained significantly (P ≤ 0.05) more moisture content than any other storage method. 
